Introduction
The Proton Area photon facility uses liquid deuterium to attenuate neutrons and provide the clean photon beam desired for photo-production experiments.
The upstream attenuator section is 35.5 feet long and contains 6 liquid liters of deuterium. The The deuterium filter vacuum vessel is installed into the gap of a series of pitching magnets with horizontal fields as shown in Fig. 1 . The upstream attenuator section is enclosed in three, 3 inch gap, 10 foot long magnets, the downstream section is enclosed in six, similar magnets with 3-1/2 inch gaps. The vacuum vessels fit into the magnets with 0.060 *inch clearance. Vacuum vessel junction boxes occur between the magnets. The magnets are constructed to National Electrical Code Class I, Division 2 standards. Exposed buss bar area is minimized and is specially insulated to prevent electrical sparking. Each group of magnets is mounted on a box girder for stability and ease of alignmhent. if the magnet current is interrupted, the induced eddy currents in the cryostat are minimized by the large solid magnet core. If despite all of the safeguards, current from the magnet coil should arc to the vacuum vessel wall, the vacuum vessel should carry the full load current until the magnet is shut down.
Attenuator Flasks and Heat Shields
The deuterium flasks are fabricated from tubing which is butt welded to form a contin- The basic engine -expander is powered by a 15 hp electric motor. Helium gas is used as the working refrigerant. Compression, cooling, expansion and regeneration phases are utilized to obtain refrigeration at two temperature levels. The 200 K stage supplies refrigeration to cool the flasks. The refrigeration is coupled to the flask wall by circulating 20°K helium gas through the trace cooling tubes. A small turbine provides 1 psid for this gas loop.
The 600 K stage is similarly coupled to a deuterium gas precooling heat exchanger. The remaining refrigeration in the 600 K loop is used to trace cool the heat shield before returning to the refrigerator. The circulating gas is lead from the refrigerators to the cryostats through semiflexible, vacuum insulated transfer lines.
Freon Cooler
The exhaust heat from the refrigerators is rejected to 5 ton air conditioning recon- 
Recovery System
The deuterium recovery system consists of 266 cubic feet of tank storage. The storage tank is connected statically as a buffer volume into the deuterium circuit at all times. A compressor is not used. The only deuterium lost from the system during routine operation is that used for initial purging and that remaining in the flask when the system is warmed to room temperature.
Safety Equipment
The nature of the Proton East cave presents some unique problems regarding use of explosive cryogens. The The Proton hall is a high radiation area, access is therefore limited to "beam-off" conditions. Access is also controlled when the attenuator contains deuterium.
System Schematic Figure 2 shows the mechanical configeration of the cryogenic system.
Operation
When the entire system has been checked for running status and the insulating vacuum established, the flasks are purged and then opened to the deuterium supply tanks. Initally the deuterium storage system contains 75 psia of deuterium gas. When each flask is full the fill valve is closed and the temperature controller is set to hold the deuterium flask pressure constant at one atmosphere. The temperature controller circuit monitors the vapor pressure and feeds back electrical heat into the trace cooling loops. The liquid deuterium density is therefore independent of variations in thermal load caused by fluctuations in the beam intensity, magnet temperature or ambient conditions. When the attenuators are to be shut down, the refrigerators are stopped but the circulating fans left running. The system heat leak is used to empty the flasks. It takes approximately 6 hours to completely empty both sections. The attenuators are then pumped and back-filled with helium until the next operating period.
Conclusions
The deuterium filter system as designed, fabricated and installed demonstrates the capability of mechanically refrigerated hydrogen/deuterium systems to operate safely and reliably in difficult environments while minimizing the hazards of flammable liquid cryogens.
At this writing the system has been operating semi-continuously for about six months for data taking runs. It has been warmed to ambient temperature between runs at least 10 times. The experimental results are reported elsewhere.3
